INTRODUCTION
============

Neuropsychiatric symptoms (NPS), such as agitation, aggression, delusions, hallucinations, depression, anxiety, apathy, disinhibition, and sleep disturbances, are among the earliest sings of neurocognitive disorders \[[@b1-pi-2020-0009]\]. NPS are highly prevalent in patients with Alzheimer's disease and one of NPS are reported in 60 to 90 percent of patients with dementia \[[@b2-pi-2020-0009]-[@b4-pi-2020-0009]\]. NPS can be of great burden not only for patients with dementia but also for caregivers \[[@b5-pi-2020-0009],[@b6-pi-2020-0009]\]. Further, NPS can be associated with faster progression from early dementia to severe dementia and death \[[@b7-pi-2020-0009]\].

So far there have been a lot of studies on the biological mechanism of NPS, but the neurobiology underlying these symptoms are poorly understood. Previous neuroimaging studies using magnetic resonance imaging (MRI), positron emission tomography (PET), and single-photon emission computed tomography (SPECT) have shown that apathy in patients with Alzheimer's disease were related to the orbitofrontal cortex, the anterior cingulate cortex and the inferior temporal cortex \[[@b8-pi-2020-0009]-[@b11-pi-2020-0009]\]. In addition, studies have shown that structural abnormalities in white matter such as increase fractional anisotropy were associated with NPS in Alzheimer's disease \[[@b12-pi-2020-0009],[@b13-pi-2020-0009]\]. However, much research has not been done on the relationship between NPS and functional connectivity in the brain.

Recent developments in functional MRI have revealed a disorder of functional connectivity of the brain in dementia. Functional connectivity means that spatially separated brain regions have a close functional correlation. This functional connectivity is observed when performing any cognitive task but also during rest-state or sleep. The abnormalities in functional connectivity eventually lead to functional abnormalities in each brain region, which can result in cognitive dysfunction and NPS. A recent study examined the relationship between resting functional connectivity and NPS in patients with Alzheimer's disease, and it has shown that functional connectivity between the anterior cingulate cortex and the insula was associated with hyperactivity syndrome including agitation and disinhibition \[[@b14-pi-2020-0009]\].

Among the brain networks, the default mode network is known to be particularly involved and affected in Alzheimer's disease \[[@b15-pi-2020-0009]\]. The DMN is preferentially activated during internal tasks such as self-reflection, envisioning the future, and remembering the past, while it is deactivated during external goal-oriented tasks such as visual attention and working memory tasks \[[@b16-pi-2020-0009]\]. The DMN could further been divided into 2 major functional subnetworks: the anterior DMN, which centers on the medial prefrontal cortex, and the posterior DMN including the precuneus, the posterior cingulate cortex, and the lateral parietal cortex \[[@b17-pi-2020-0009]\]. These subnetworks have been demonstrated to be differentially affected during the progression of Alzheimer's disease, with the posterior DMN showing reduced connectivity in the early stages, whilst the anterior DMN show increased connectivity which diminishes with disease progression \[[@b18-pi-2020-0009]\]. However, there are currently no data on how the DMN and NPS are related in patients with Alzheimer's disease.

The purpose of this study is to elucidate the relationship between NPS and resting functional connectivity in patients with Alzheimer's disease. We predicted that alterations in the DMN would be related to subsyndromes of NPS in patients with Alzheimer's disease.

METHODS
=======

Subjects
--------

Seventy patients with Alzheimer's disease participated in the study. The subjects were recruited from outpatient clinic and diagnosed with probable Alzheimer's disease according to the National Institute of Neurological and Communicative Disorders and Stroke and Alzheimer's Disease and Related Disorders Association \[[@b19-pi-2020-0009]\]. Interviews for diagnosis and evaluation were conducted by neurologists or neuropsychologists. Exclusion criteria were 1) patients with degenerative brain diseases such as Lewy body dementia, Parkinson's disease, Huntington's chorea, Down's syndrome, Creutzfeldt-Jakob disease, 2) history of head trauma with loss of consciousness or mental retardation, 3) previous history of cerebrovascular disease or stroke on brain magnetic resonance imaging, and 4) current or past psychiatric illness. This study has been approved by the Institutional Review Board, and all participants have given written consent after fully understanding the study (2016-03-041).

Measures
--------

Global cognitive status was assessed by Korean Mini-Mental State Examination (K-MMSE) \[[@b20-pi-2020-0009]\] and clinical dementia rating (CDR) \[[@b21-pi-2020-0009]\]. In order to evaluate NPS, the Korean version of the Neuropsychiatric Inventory (NPI) \[[@b22-pi-2020-0009]\] was used to interview caregivers of patients with dementia. The NPI consists of the following 12 neuropsychiatric domains: hallucinations, delusions, agitation/aggression, depression, anxiety, irritability, disinhibition, euphoria, apathy, aberrant motor behavior, change in night-time sleep behavior, and changes in appetite and eating. The NPI assesses the frequency and severity of 12 behavioral symptoms, and at the same time, the degree of distress of the caregiver. The scores were calculated by multiplying the frequency of the symptoms (from 1 to 4) by the intensity (from 1 to 3). The total score ranges from 0 to 144, with higher scores indicating more severe NPS. According to a previous study \[[@b23-pi-2020-0009]\], NPS were divided into four subsyndromes: apathy, hyperactivity (the sum of agitation, disinhibition, irritability, euphoria, and aberrant motor behavior scores), psychosis (delusions, hallucinations, and night-time behavior disturbances) and affective syndrome (depression and anxiety).

Image acquisition
-----------------

Structural and functional images were acquired on a 3 T MR scanner (Philips Achieva, Best, The Netherlands). Functional images were acquired while subjects were asked to keep their eyes closed and to not think of anything in particular. Thirty-five contiguous 3.5-mm-thick axial slices covering the entire brain were collected using a T2\*-weighted echo-planar imaging sequence depicting the blood-oxygenation-level-dependent (BOLD) signal (TE=30 ms; TR=3,500 ms; flip angle=90°; field of view=240 mm; slice gap: 2 mm). High-resolution T1-weighted MR images (axial slices with 1-mm slice thickness; TE=1.89ms; TR=1,670 ms; flip angle=9°; field of view=250 mm) were collected prior to functional data acquisition.

Statistical analysis
--------------------

The mean and standard deviation of demographic and clinical data excluding gender were calculated. Preprocessing and data analysis were performed using a combination of the statistical parametric mapping (SPM12) software (Wellcome Department of Cognitive Neurology, University College London, London, UK) and the intuitive resting-state functional connectivity (iRSFC) toolbox (<https://github.com/skyeong/iRSFC>). Preprocessing steps included discarding of the first 4 volumes, slice time correction, realignment, normalization to SPM13 echo-planar imaging template, smoothing with 6-mm full-width at half-maximum Gaussian kernel, linear detrending, and 0.009--0.08 Hz bandpass filtering. In addition, regression correction for spurious variables included rigid body transformation motion effects, global mean signal, white matter signal, and CSF signal. To identify the DMN, seed-based functional connectivity was calculated by placing seeds in the medial prefrontal cortex (12, 51, 36; Montreal Neurological Institute (MNI); seed radius=3 mm) and the precuneus (-6, -63, 27; MNI; seed radius=3 mm). The coordinate for seeds was determined according to a previous study \[[@b24-pi-2020-0009]\]. The medial prefrontal cortex seed was selected for the anterior DMN and the precuneus was chosen for the posterior DMN. The network measure averages the fisher-Z transformed correction between all seed pairs in a network using iRSFC toolbox. The correlation between NPS subsyndromes and network values is then calculated using SPM13. Significant clusters were determined based on family-wise error (FWE) corrected p\<0.05 with a cluster-determining threshold at uncorrected p\<0.001. One sample t-tests were used to evaluate which brain regions showed significant functional connectivity with two seed regions. The details of one sample t-tests can be found in [Supplementary Materials](#SD1-pi-2020-0009){ref-type="supplementary-material"}.

RESULTS
=======

Demographic data
----------------

As shown in [Table 1](#t1-pi-2020-0009){ref-type="table"}, patients with Alzheimer's disease group consisted of 17 males and 53 females with an average age of 79.06±6.44 years. Mean K-MMSE and CDR score were 18.96±5.13 and 0.91±0.46.

NPS
---

The NPS subsyndrome scores were as follows. Apathy 2.44±3.27, hyperactivity 3.56±5.76, psychosis 1.81±3.32 and affective syndrome 2.14±3.69.

Correlation between network measures and NPS
--------------------------------------------

Hyperactivity subsyndrome score was negatively correlated with network measure of the left medical prefrontal cortex (MNI -4, 36, 46; 397 voxels; z=5.00) ([Figure 1](#f1-pi-2020-0009){ref-type="fig"}). Other NPS subsyndromes score did not show any significant correlation with network measure.

Brain regions showing significant function connectivity with seed regions
-------------------------------------------------------------------------

Patients exhibited significant functional connectivity with the medial prefrontal cortex seed in the widespread frontal regions including the medial prefrontal cortex, the dorsolateral prefrontal cortex, the inferior frontal gyrus, the primary motor cortex, and the middle temporal gyrus, the angular gyrus, the precuneus, the cuneus, the caudate, the cerebellum, and the pons. On the other hand, patients showed significant functional connectivity with the precuneus seed in the widespread posterior regions including the precuneus, the angular gyrus, and the frontopolar cortex, the middle frontal gyrus, the premotor cortex, the inferior frontal gyrus, the middle temporal gyrus, and the cerebellum. The detailed results were summarized in the [Supplementary Table 1](#SD2-pi-2020-0009){ref-type="supplementary-material"} and [2](#SD3-pi-2020-0009){ref-type="supplementary-material"} (in the online-only Data Supplement).

DISCUSSION
==========

The main result of this study was that as the connectivity of the forward DMN decreased, patients with Alzheimer\'s disease showed severe hyperactivity syndrome. A previous study exploring association between network connectivity and NPS in patients with Alzheimer's disease revealed a positive correlation between the salience network connectivity and hyperactivity syndrome \[[@b14-pi-2020-0009]\]. According to a previous study \[[@b25-pi-2020-0009]\], a decrease in the DMN connectivity can lead to an increase in connectivity of other networks including the salience network, so the results of this study are in agreement with the previous study \[[@b14-pi-2020-0009]\]. Salience network is a network that gives importance and attention to internal or external stimuli \[[@b26-pi-2020-0009]\], and as connectivity increases, it attaches emotional importance to irrelevant stimuli, leading to inappropriate behavior such as agitation and disinhibition \[[@b27-pi-2020-0009]\].

The brain region that has been related to hyperactivity syndrome in this study was the medial prefrontal cortex, which has not received much attention in Alzheimer's disease. However, the medial prefrontal cortex is involved in the process of action selection, which governs the process of predicting the expected outcome of an action and comparing the actual outcome to expectations when performing an action \[[@b28-pi-2020-0009]\]. Problems in the action selection process can lead to problematic behaviors such as agitation and irritability, rather than suppressing inappropriate and instinctive behavior.

Many studies have not been conducted on the neurobiology of hyperactivity syndrome. A SPECT study has shown that wandering behavior in patients with Alzheimer's disease is associated with decreased cerebral blood flow in the left parietal-temporal lobe \[[@b29-pi-2020-0009]\]. A structural MRI study has shown that agitation is associated with gray matter volume reduction in the left insula and the bilateral anterior cingulate cortex \[[@b30-pi-2020-0009]\]. However, posterior gray matter volume was associated with agitation \[[@b31-pi-2020-0009]\], and in another study that measured cortical thickness, there was no significant relationship between hyperactivity syndrome and cortical thickness \[[@b32-pi-2020-0009]\]. As such, the results of previous studies on hyperactivity syndrome are so diverse that more research is needed to elucidate the neurobiological mechanism of hyperactivity syndrome in patients with dementia.

Contrary to our expectations, there was no brain region showing a significant correlation between DMN connectivity and NPS subsyndromes other than hyperactivity. This might be because the variance of apathy, psychosis, and affective syndrome was not enough to show a significant correlation with DMN connectivity. Since this study included many patients with a score of zero for apathy, psychosis, and affective syndrome, it was difficult to properly evaluate the relationship between the NPS subsyndromes and DMN connectivity. Therefore, it will be necessary to recruit patients with varying degrees of NPS in future studies.

Several limitations of this study should be acknowledged. First, our small sample size limits the ability to generalize our findings. Second, since this study did not include many patients with severe NPS, there might be limitations in generalizing these findings to patients with severe NPS. Third, in addition to the DMN, many important networks such as salience network may be related to NPS, but other networks have not been included in the analysis. Only the DMN was included in this study because the DMN was the most studied and abnormalities in the network were consistently reported in patients with Alzheimer's disease. However, in future studies, including other networks will help to have a comprehensive perspective on brain networks in patients with Alzheimer's disease.

In conclusion, this study demonstrated that hyperactivity syndrome was associated with a decrease in the DMN connectivity in patients with Alzheimer's disease. This result confirms that abnormalities in certain brain networks may be associated with NPS in patients with Alzheimer's disease. Furthermore, additional studies involving patients with more severe NPS and dealing with networks other than the DMN will help clarify the association between NPS and brain networks.

This study was supported by a grant of clinical medical research project of National Health Insurance Service Ilsan Hospital (No. 2016-03-041).

The authors have no potential conflicts of interest to disclose.

**Author contribution**

Conceptualization: all authors. Data curation: Jung Suk Lee. Formal analysis: Jung Suk Lee. Funding acquisition: Jung Suk Lee. Investigation: Jung Suk Lee. Methodology: Jung Suk Lee. Project administration: Jung Suk Lee. Resources: Jung Suk Lee. Software: Jung Suk Lee. Supervision: Jong Hun Kim, Seon-Koo Lee. Validation: Jong Hun Kim, Seon-Koo Lee. Visualization: Jung Suk Lee. Writing---original draft: Jung Suk Lee. Writing---review & editing: all authors.

Supplementary Materials
=======================

The online-only Data Supplement is available with this article.

![Areas of negative correlation between default mode network and Hyperactivity syndrome.](pi-2020-0009f1){#f1-pi-2020-0009}

###### 

Demographic and clinical characteristics

                         Patients with Alzheimer's disease (N=70)
  ---------------------- ------------------------------------------
  Age (years)            79.06±6.44
  Gender (male/female)   17/53
  MMSE                   18.96±5.13
  CDR                    0.91±0.46
  NPI apathy             2.44±3.27
  NPI hyperactivity      3.56±5.76
  NPI psychosis          1.81±3.32
  NPI affective          2.14±3.69

Data are presented as mean±standard deviation. MMSE: Mini-Mental Status Examination, CDR: clinical dementia rating, NPI: neuropsychiatric inventory
